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■f—i ' Abstract. The scalar - isoscalar tttt phase shifts are analysed using a separable 

T-H , potential model of three coupled channels (tttt , KK and an effective 2tt2tt system). 

Model parameters are fitted to two sets of solutions obtained in a recent analysis of the 
CERN-Cracow- Munich measurements of the 7r~pf — > iT^Tr~n reaction on a polarized 
target. A relatively narrow (90 - 180 MeV) scalar resonance /o(1400— 1460) is found, 
. together with a wide /o(500) (F « 500 MeV) and the narrow /o(980) state. 

cn ; 

^ ■ Recently the CERN-Cracow-Munich data [1] for the n^pi n^n^n reaction 

! on a polarized target were analysed in Ref. [2]. Four solutions for the isoscalar 

^ I S-wave phase shifts from the tttt threshold up to 1600 MeV were found and two 

^ ' of them, called "down-flat" and "up-fiat" fully satisfy unitarity constraints. The 

"down-fiat" solution is in good agreement with the former solution of Ref. [3] 
Qh! below 1400 MeV. In Ref. [4] the scalar meson spectrum was studied in terms 

^ I of a relativistic tttt and KK coupled channel model from the vrvr threshold up to 

■ 1400 MeV. Strong four-pion production, observed in different experiments [5-9], 
• . provides a compelling argument to take into account the An channel. In this report 

! we extend the isoscalar S'-wave 2-channel model of Ref. [4] by adding to its tttt 

d I and KK channels an effective third coupled channel, here called aa. 

We consider the S'-wave scattering and transition reactions between three coupled 
channels of meson pairs labelled 1, 2 and 3. Reaction amplitudes T satisfy a system 
of coupled channel Lippmann-Schwinger equations [4] with a separable form of the 
interaction: 

n 

<p\Vaj\(l>=J2'^»-fj9a,jip)9^,jicO, a, 7 = 1,2, 3, (1) 
i=i 

where \a-y,j are coupling constants and gajip) = (47r/mj)^/^/(p^ + Paj) form 
factors which depend on the relative centre of mass meson momenta p in the final 
channel or q in the initial channel. In the tttt channel (a, 7 = 1) we choose a rank;-2 
separable potential {n = 2) and in the other channels, i.e. KK (0,7 = 2) and 
era (a, 7 = 3), a rank;-l potential (n = 1). 



The model has 14 parameters: 9 couphng constants Aq^^j, 4 range parameters 
(5a,j and the a mass rriz- We can solve the system of Lippmann-Schwinger equa- 
tions following the formalism developed in Refs. [4,10]. The S'-matrix elements 
Sai3 = 1,2,3) can be written in terms of the Jost function of different argu- 

ments (see [10]). The model satisfies the unitarity condition S'^S = 1. Some of 
the S'-matrix poles in the complex energy plane can be interpreted as resonances. 
The diagonal matrix elements are parametrized as Saa — Va^'^^^", where r]a and 
5a are the channel a inelasticities and phase shifts, respectively. We fit the new 
experimental results [2] on the tttt S-wave isoscalar phase shifts and inelasticities 
together with the KK phase shifts from [11]. 

At the beginning we have considered only the tttt and KK 2-channel case with 8 
free parameters. Next the starting parameters for 3-channel case were taken from 

the 2-channel fits. In Fig. 1 two different fits (A and B) to the "down-fiat" data 
for and Lp^^x = (^tttt + 5kk are compared to the experiment. In Fig. la we 

have only shown the fit A since the energy dependence of the fit B is very close 
to that of A. Fits to the "up-flat" data are shown in [10]. We found that in the 
2-channel case for the "down-fiat" solution it was not possible to obtain a good 
fit to the f] values between 1400 to 1600 MeV. In the 3-channel model, however, 
we can get a substantial decrease of r] above 1400 MeV (see Fig. lb). In order to 
achieve this behaviour, couplings between the tttt and aa or KK channels should be 
sizable. The main difference between the 2- and 3-channel fits lies in rj above 1400 
MeV, where the opening of the aa channel leads to a fast decrease of inelasticity 
parameters. Let us also note an improvement in ipj^K over the 1000 to 1200 MeV 
range, as it can be seen in Fig. Ic. The corresponding parameters for these best 
fits are given in Table 1. 

Fits of similarly good quality were obtained with very different physical parame- 
ters in the KK and aa channels. For example, in the 2-channel fits and in fit A 
the KK interaction is attractive while in the case B it is repulsive (see Table 1). 
Similarly, interchannel couplings are very different in both cases. In fit A we see 
rather strong tttt to aa and KK to aa couplings, while in the case B the tttt - KK 
coupling, Ai2,2, is particularly strong. 

We have studied positions of the S'-matrix poles in the complex energy plane 
{Epoie = M — iV /2). For the 3-channel model there are 8 different sheets 
which correspond to different signs of imaginary parts of the channel momenta 

{Impi, Imp2, Imps). For example, on the sheet denoted by ( ) all imaginary 

parts are negative. Resonance parameters predicted by the 3-channel model are 
summarized in Table 2. At low energy we find a very broad /o(500) resonance (also 
called a meson). The /o(980) resonance is seen in the vicinity of the KK threshold 
with a width of about 60 to 70 MeV. Mass of a relatively narrow state /o(1400) 
varies from about 1400 MeV to 1460 MeV. For the "down-flat" flts this resonance 
is narrower (F 100 MeV) on sheet ( h) than on sheet ( ). The parame- 
ters of this resonance are close to those of the /o(1500) resonance - a hypothetical 
glueball state-found by the Crystal Barrel Group [5,6] in pp annihilation. 



This work has been performed in the framework of the IN2P3 - Pohsh Labora- 
tories Convention (project No 93-71) and partially supported by the Pohsh State 
Committee for Research (grants No 2P03B 231 08 and 2 P03B 020 12). 
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FIGURE 1. Fits to the "down-flat" data of [2], thick solid Hne corresponds to fit A, thin solid 
line to fit B and dotted line to the 2-channel model fit; a) energy dependence of the tttt phase 
shifts, b) energy dependence of inelasticity parameter 77^^, c) energy dependence of phase shifts 
sum iPt^k = SjTTr + Sj^-j^; experimental data are from [11]. 
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TABLE 1. Separable interaction parameters for 2- and 
3-cliannel model fits to the "down- flat" data from [2]. Values 



of (3 and are given in GeV. We use dimensionless coupling 
constants defined as Aa-yj = Xa-yj/^ {Pa,jf3j,j)^^^- 



model 


2-channel 


3- 


channel 


fit 




A 




B 


Aii,i 


-.14258 X 10-3 


-.29975 X 10 


-2 


-.52138 X 10-2 


All,2 


-.18895 


-.10844 




-.10552 


A22 


-.49106 


-.39304 




3.1637 


A33 





-.17447 X 10 


-2 


-.45719 X 10-1 


Al2,l 


.27736 X 10-^ 


.12039 X 10- 


2 


.10685 X 10-1 


Al2,2 


.43637 X 10-1 


-.11333 




-.80626 


Al3,l 





-.25841 X 10 


-2 


.14544 X 10-^ 


Al3,2 





.39924 




.21878 X 10-2 


A23 





-.57955 




-.17515 X 10-1 


01,1 


3.0233 X 10^ 


1.426 X 10^ 




.81615 X 10^ 


/3l,2 


1.0922 


.92335 




.85776 




2.2941 


1.4959 




.47403 






1.3676 




.45357 X 102 






.70 




.67510 



TABLE 2. Masses and widths of resonances found for the 2- 
and 3-channel fits to the " down-flat" data 



pole sheet A B 

M (MeV) r (MeV) M (MeV) T (MeV) 

/o(500) (a) - + + 518.1 521.4 511.8 532.6 

/o(980) - + + 989.0 62.0 992.4 68.2 

/o(1400): 1405.1 147.8 1411.5 169.3 

- - + 1456.4 93.3 1402.7 108.2 
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